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With addition of third-and-fourth order anharmonic interaction terms in the two-sublattice PLCM model properties of TGSe 
crystal have been studied. By employing double-time thermal Green’s function methods, formulae for frequency, shift, 
width, modified soft mode frequency, dielectric constant and loss tangent have been obtained for TGSe and similar crystals. 
By putting values of the parameters, thermal variation of above quantities for TGSe crystal have been obtained. Theoretical 
variation of the above quantities has been compared with experimental data of other workers for TGSe crystals. Our results 
agree with experimental data of others. Our model is therefore suitable for studying for properties of TGSe crystals. 
Keywords: Ferroelectric, Soft mode frequency, Dielectric constant, Pseudospin. 
1 Introduction  
The ferroelectric materials are extensively used in 
the modern technology for making large number of 
useful devices. These are used in memory devices, 
pyroelectric detectors, modulators, capacitors, electro-
optic, piezoelectric and other devices. Triglycine 
selenate crystal is one of best pyroelectric materials. 
Triglycine selenate (NH2CH2COOH)3H2SeO4 crystal is 
found isomorphic to triglycine sulphate crystal. Below 
22.5 °C it is found ferroelectric. It shows a second order 
phase transition. The crystalline lattice is monoclinic. 
Above Tc crystal belongs to P21/m space group. TGSe 
is ferroelectric in the direction of a monoclinic axis b. 
The lattice parameters of TGSe are a=9.520Å, 
b=12.847Å, and c=5.865Å and ß=110.5540. 
Experimental investigations on TGSe crystal were 
made by large number of workers. Chaudhury and 
Chitra et al.1 have done the comparision between 
crystal structure parameters of triglycine selenate and 
triglycine sulphate crystal obtained from diffraction 
studies. Renugadevi et al.2 have done the crystal 
growth and characterization study of Triglycine 
selenate crystal. Khanum and Poder et al.3 have done 
characterization study of triglycine selenate crystal 
doped with NiSO4 crystal. Vorobyev et al.
4 have done 
relaxation processes studies of triglycine selenate 
crystal. Gusowaska et al.5 have done raman 
spectroscopy and tetrahertz spectroscopy of triglycine 
selenate crystal. Dziedzic and Mroz et al.6 have done 
pyroelectric properties of triglycine selenate crystal. 
Bohdan et al.7 have done ellipsometric study of 
electronic excitation in triglycine selenate cystal. 
Lijewski et al.8 have done effect of uniaxial pressure on 
the ferroelectric phase transition in triglycine selenate 
crystal. Ramero et al.9 have done calorimetric and 
dielectric measurements on triglycine selenate crystal. 
Balasubrsmanyam et al.10 have done crystalization of 
triglycine selenate crystal in CDS nanoparticle. 
Pandian et al.11 have done crystal growth study of 
triglycine selenate crystal. Chaudhury et al.12 have 
done earlier theoretical studies by using two sublattice 
pseudospin lattice coupled mode model along with 
phonon anharmonic interaction terms. Although they 
have done good work but due to early decoupling of 
correlation functions at an early stage, some important 
interaction terms disappeared from their theoretical 
expressions. And as a result of which, they could not 
produced better and convincing results to explain 
ferroelectric properties and phase transition in 
triglycine selenate crystal.  
With the help of double time temperature 
dependent Green’s function method and modifying 
two sublattice pseudospin lattice coupled mode 
model, expressions for soft mode frequency, dielectric 
constant, loss tangent, shift and width have been 
calculated. By fitting model values of physical 
quantities for triglycine selenate crystal in the 
expressions obtained theoretically, their temperature 
dependency has been calculated numerically. The 
theoretically derived results will be compared with 
experimental result of others13, 14. 
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2 Model Hamiltonian, Shift and Width 
For the TGSe crystal, the ordering of the hydrogen 
bonds associated with glycine I and glycine II (or 
glycine III) hydrogen bonds should be taken into 
consideration. The pseudospin variables are 
associated with ordering of the gylcine molecules 
(𝛼 I and II). The two sublattice pseudospin model 
was suggested by Mitsui (originally for Rochelle salt 
crystal) is expressed as 
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We add the third-order and fourth-order 
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Where  3213 k,k,kV  and  4321,4 k,k,kkV  Third-and 
fourth-order atomic force constants and mS (m=x,y  
or z) is the mth component of the pseudospin variable  
S , Ω is proton tunnelling frequency, Jij and Kij are 
respectively, the coupling within the same lattice and 
different lattices. 
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Now differentiating Green’s function (3) with 
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Similarly as above again differentiating Green’s 
function (3) w.r.t. t' and then Fourier transforming we 
get: 
 
    )();(4 '1122 tFtF ji    … (5) 
 
and putting into Dyson’s equation: 
 
G(ω) = G0(ω) + G0(ω) P
~
(ω)G0(ω).  … (6) 
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The    and )( are real and imaginary parts of 
response function )(
~ P , called shift and width 
respectively. 





3 Soft Mode Frequency, Dielectric Constant and 
Loss Tangent 
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The frequency ̂  is Cochran’s soft mode frequency 
which becomes zero as T tends to TC as a result phase 
transition occurs and TGSe crystal becomes 
paraelectric. From Eq. (11) we can derive expression 
for dielectric constant ∈ as  
 















, since 1  for 
ferroelectrics.  … (17) 
 



















   … (19) 
 
4 Numerical Calculations 
With the use of expressions (15), (16) and (19) we 
calculate temperature dependence of ,̂  and tanδ 
for TGSe crystal by taking values  =0.5cm-1, 
J=320cm-1, K=160cm-1, TC=295.5K, C=4727K, 
Vik=3cm
-1, Nik=0.5, ωk=0.69cm
-1 from literature and 
with the help of these values we calculate temperature 
dependence of these theoretically derived expressions 
numerically. In this way we obtain theoretical values 
of soft mode frequency which have been shown in 
Fig. (1 - 3), respectively. The theoretical results have 
been compared with experimentally results reported 
by Hoshino13 and Stankowaska et al.14. 
 
5 Discussion 
It is well understood from the above theoretical 
finding that with the help of double time temperature 
dependent Green’s function method along with third-
 
 
Fig. 1 — Temperature dependence of soft mode frequency 
̂  (cm ) of TGSe crystal (— Our calculation; Experimentally 
correlated results of Hoshino13and Stankowaska et al.14).  
 
 
Fig. 2 — Temperature dependence of dielectric constant (𝜖) of 
TGSe crystal (— Our calculation; Experimentally correlated 
results of Hoshino13 and Stankowaska et al.14).  
 
 
Fig. 3 — Temperature dependence of tangent loss (tanδ) of TGSe 
(— Our results; Experimentally correlated results of Hoshino13
and Stankowaska et al.14). 





order phonon anharmonic interaction term, we 
calculate better results than earlier authors12 
quantitavely. We have been carried out decoupling of 
correlation function at proper stage. Earlier authors12 
have decoupled these at early stage. As a result of 
which some important interactions disappeared from 
their results. Shift, width and modified soft mode 
frequency is the result of present calculation. If the 
third-order phonon anharmonic interactions terms, 
shift and width are remove from our calculations, our 
results at once convert to the results of earlier 
authors12. The Eq. (15) in addition with Eqs. (9), (10) 
and (11) shows that soft mode frequency is quite 
dependent over tunnelling frequency (Ω), interchain 
(J) and intrachain interactions (K) respectively 
explictly. As temperature approaches transition 
temperature (TC), soft mode frequency become zero. 
Our Eqs. (17) and (19) show that both 𝜖 and tanδ 
depend on tunneling frequency, interchain and 
intrachain interactions as well as phonon anharmonic 
interactions respectively. Both increase anomalously 
in the vicinity of transition temperature. Here in the 
cases of TGSe crystal we have adopted two-sublattice 
model because isotopic effect occurs both on TC  
and C. Due to which the two-sublattice model 
becomes more suitable here. Our theoretical 
expressions predict the behaviour of TGSe crystal in 
good agreement with experimental results. Our 
theoretical results of modified soft mode frequency, 
dielectric constant and loss tangent have been  
shown in Fig. (1 - 3), respectively. Which show  
close agreements with experimental results of 
Hoshino et al.13 and Stankowaska et al.14. 
 
6 Conclusions  
In this paper, from the above discussion it emerges 
that by using the two sublattice pseudospin-lattice 
coupled mode model along with third-and fourth-
order phonon anharmonic interaction terms and with 
the help of double-time temperature dependent 
Green’s function method, the temperature variations 
of dielectric constant and loss tangent in TGSe crystal 
gives convincing and much better temperature 
variations of dielectric constant and loss tangent in 
TGSe crystal quantitatively. The crystals of TGSe are 
better materials for pyroelectric detection. Other 
similar crystal as like triglycine sulphate, triglycine 
fluoroberyllate, ammonium bisulphate can be explain 
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